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Abstract 
This paper will present the most recent advancements in Shell Cansolv CO2 Capture Technology.  The first part of the paper will 
focus on the CANSOLV DC201 solvent for CO2 capture performance. This solvent has been extensively tested in 2012, 2013 
and 2014. It has been proven to be highly effective at reducing energy consumption for the CO2 capture plant, which is at a fixed 
CO2 removal efficiency ~ 90 %.    A detailed description will be provided as to the methodology used by Shell Cansolv to 
develop a predictive simulation/model for CO2 capture applications.  This methodology will be described in a general context, so 
the process can be applied in the development of other CO2 scrubbing amine solvents models.  Instructions on the sequence of 
parameter estimation and regressions is provided; where it is important to commence model development with an accurate 
definition of pure component parameters followed by good representation for binary and ternary model parameters.  The second 
part of the paper will explain how the model was developed with a comprehensive set of thermo-physical properties and 
validated with high quality pilot plant data (1 – 8 tons CO2/day). The acquisition of high quality pilot plant data is an essential 
part for the development of a predictive model.  A commercial design can only be performed by Shell Cansolv once a 
simulation/model is validated with real plant data and appropriate margins are identified for critical variables.  
 
 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of GHGT. 
Keywords: CO2,  CANSOLV DC201, Capture performance, Amine Emissions   
 
 
 
 
 
* Corresponding author. Tel.:1-514-382-4411 ext 240; fax:+ 1-514-382-5383. 
E-mail address: Matthew.E.Campbell@shell.com 
  
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of GHGT-12
802   Matthew Campbell /  Energy Procedia  63 ( 2014 )  801 – 807 
Nomenclature 
CO2  Carbon Di-oxide 
DC103  One of  Shell Cansolv’s proprietary amine based CO2 capture solvent 
DC201                  One of Shell Cansolv’s proprietary amine based CO2 capture solvent 
NCCC  National Carbon Capture Center 
N2O                      Nitrous oxide 
NMR                    Nuclear magnetic resonance 
VLE                     Vapor Liquid Equilibrium 
NRTL                  Non-random-two liquid property method 
ElecNRTL           Electrolyte non-random-two liquid property method 
 
1. Introduction 
Shell Cansolv currently has two commercially available solvents for industrial scale CO2 capture.  The first 
generation solvent is CANSOLV DC103 and the second generation solvent is CANSOLV DC201.  Both solvents 
have their own advantages and selection is dependent on specific requirements and application type.   
Innovative approaches to modeling both processes were developed. This article will discuss the methodology used 
by Shell Cansolv for developing predictive models/simulators which can be used for commercial scale designs.  It 
will also be shown how the models predict well the performance of real pilot plant data using CANSOLV DC201 as 
the case study.  Including description of how design margins are developed and applied to commercial applications. 
Topics in this paper will be divided in the following manner: 
Section 2 – Process for amine based CO2 capture model development 
Section 3 – Model validation with real CO2 capture plant data 
Section 4 – Conclusions  
Section 5 – References 
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2. Process for amine based CO2 capture model development 
When constructing an amine based CO2 capture model, there are a sequence of steps that must be followed to arrive 
at an accurate and consistent result. The sequence or steps which were followed for the Shell Cansolv CO2 capture 
solvents are summarized below*:  
 
1. Pure Component Parameter Determination – Within Aspen Plus, pure component parameters are the foundation 
for mass balance calculations, energy balance calculations and transport property estimates. Depending on the 
solvent formulation, it is possible that the amine component(s) are data bank parameters within Aspen Plus 
requiring only their retrieval.  However, in some cases, the required pure component parameters are not readily 
available and and one must resort to estimation methods.   
 
2. Equilibrium Reaction Chemistry Definition – After establishing a comprehensive set of pure component 
parameters for all species, it is required to specify the expected Amine-Water-CO2 equilibrium reactions. This 
information is typically based on the pKa or equilibrium constant of the particular amine component(s).  This 
information can be gathered by titrations, NMR or literature searches. 
 
3. Determination of Amine-Water Binary Parameters – It is required to correctly define the interactions between 
pure amine and water before proceeding with modeling of the more complex ternary amine, water and CO2 
system.  Correct determination of these binary parameters is important for accurate prediction of mixture 
boiling point temperatures at different pressures, enthalpy behavior and transport properties.  Traditionally, the 
NRTL parameters are determined through data regression of amine-water VLE data and heat of mixing data.  
However, in the absence of this information, it would be possible to get reasonable values with usage of a 
binary UNIFAC estimation method. 
  
4. Determination of Henry Parameters – It is required to represent the amount of solute gas (CO2) which can be 
dissolved in amine solution at different conditions.  Reasonable assumptions can be made at this stage to 
simplify approach. For example, it could be assumed that CO2 solubility in amine solvent would be the same as 
water.  Alternatively, a more rigorous method could be employed where CO2 solubility is based on studies and 
experimentation using the N2O analogy [3].  
 
5. Regression of Ternary (Amine-Water-CO2) VLE data and Solution Speciation Data - Correct regression of 
ternary VLE data with the ElecNRTL model is a complex task and involves the simultaneous adjustment of 
electrolyte pair parameters and equilibrium stoichiometric coefficients to adequately match VLE data,  pH 
mixture data and solution speciation data.  This is a cornerstone activity in any model development and every 
effort must be made to ensure the fitting is done as well as reasonably possible.  
 
6. Data Fitting of Mixture Heat Capacity and CO2 Heat of Absorption Data – It is necessary to simultaneously fit 
heat capacity parameters and heat of formation parameters to consistently match mixture heat capacity data and 
CO2 Heat of Absorption data.   
 
7. Regression of Transport Properties – There are different property methods available for fitting transport 
properties.     Regardless of the method employed however, it is important that density is the first transport 
property to be regressed. Afterwards the order of regressing viscosity, thermal conductivity and surface tension 
is not relevant. The reason for this sequence is that the density parameters are used in the calculation of other 
transport properties. 
 
 
 
 
*All Shell Cansolv Modelling was done in the Aspen Plus Simulation Engine & all guidelines are most applicable to 
Aspen Plus. 
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8. Rate – Based Absorber Modeling – Shell Cansolv has utilized two approaches for rate-based modeling 
absorbers in the past.    The first method was the development of a cross-platform model integrating an 
equilibrium based approach in Aspen Plus with mass transfer rate based approach in Excel. For this method, the 
equilibrium model is run with absorber efficiencies approximating kinetic behavior and results are linked to the 
kinetic/mass transfer tool where packing heights are calculated.   The second method was the development of a 
fully predictive rate-based absorber model in the Aspen Plus platform.  This required the definition of 
appropriate kinetic reactions and mass transfer correlations in Aspen Plus.  For this method it is critical to 
ensure reference state consistency for the equilibrium and kinetic reactions.  It is also required to ensure correct 
relationship between equilibrium and kinetic reaction constants (Kequilibrium = Kforward/Kreverse).  
 
3. Model validation with real CO2 capture plant data 
An essential requirement for any model is to have real plant data that can be used to validate or calibrate the 
fundamental model.  All steps described in Section 2 are fundamental in building a model based on physical 
property measurements.   However, the validity of a model can only be tested against real operational data. From 
Shell Cansolv’s experience, a model should be tested with a wide range of operational conditions.  This will ensure 
that the model can be viewed accurately for a large range of process conditions.   For example, all CO2 models for 
Shell Cansolv have been validated with pilot plant data covering a CO2 concentration range from 4 vol % CO2 to 22 
vol %. 
 
A typical validation exercise would involve the following steps: 
 
1)  Acquire pilot plant data for multiple process conditions 
2) Input fixed measurements from pilot plant into model – normally 10 to 20 pilot plant tests are required for 
appropriate validation 
3) Assess key performance indicators without adjustment of model parameters.  Most important parameters to check 
are: CO2 removal, absorber packing height requirements, stripping factor, temperature profiles and amine loadings. 
4) If model is not predicting results reasonably well, it would be required to carefully tune adjustable parameters in 
the process model.  Some of the possible adjustable parameters are: 
x Interfacial area factor 
x Interfacial heat transfer factor 
x Hold-up Factor 
x Correlations for mass transfer 
x Kinetic reaction constants 
 
From Shell Cansolv’s experience, a fundamentally sound model will require only minor adjustments to either the 
interfacial area factor or the hold-up factor. 
 
Model prediction results for CANSOLV DC201 are compared against pilot plant data in the preceding figures.  The 
model prediction results of absorber performance without and with intercooler are shown in Figure 1 and Figure 2, 
respectively.  Also the model prediction of CO2 removal compared against experimental measurements in shown in 
According to Figure 1 & Figure 2, the model behavior for absorber temperature and CO2 profiles are matching the 
experimental data closely.  On average, the difference in temperature is less than 10%.   
Table 1. 
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Figure 1: CANSOLV DC201 Absorber Profiles with No Intercoolers 
 
Figure 2: CANSOLV DC201 Absorber Profiles with One Intercooler 
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According to Figure 1 & Figure 2, the model behavior for absorber temperature and CO2 profiles are matching the 
experimental data closely.  On average, the difference in temperature is less than 10%.   
Table 1: CO2 Removal Model Assessment 
 
 
As can be observed from According to Figure 1 & Figure 2, the model behavior for absorber temperature and CO2 
profiles are matching the experimental data closely.  On average, the difference in temperature is less than 10%.   
Table 1, the model predicts CO2 removal reasonably well. Nevertheless, no model is perfect and for commercial 
design, appropriate margins are added.  Margin is added to packing height to account for model and scale-up 
uncertainties. 
 
Figure 3 demonstrates the model prediction of regenerator temperature profiles versus the experimental 
measurements. The maximum difference in temperature measurements observed was 5 %.  
 
 
Figure 3:  CANSOLV DC201 Regenerator Temperature Profile 
Table 2 compares the deviations between model and experiment for the stripping factor for several data points.  
Although the model predicts stripping factor reasonably well, as with the absorber, margins are added to steam 
Unit
Case # 1 2 3 4 5 6 7 8
CO2RemovalExperimental % 91.1 91.9 89.4 95.0 90.7 83.2 91.7 91.2
CO2RemovalModel % 91.7 92.9 90.3 97.2 92.0 80.5 90.8 90.3
%DifferenceinCO2
Removal
%
0.7 1.1 1.1 2.3 1.5 Ͳ3.3 Ͳ1.0 Ͳ1.0
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requirements to account for model and scale-up uncertainties. 
 
Table 2: Stripping Factor Model Assessment 
 
 
4. Conclusions 
This paper introduced a process for successfully developing a predictive model for amine based CO2 capture 
systems.  A methodology is provided for techniques which can be used for inputting thermo-physical properties into 
the model.  It is mentioned that physical property regressions should begin with pure component properties followed 
by binary and then ternary properties.  An extremely important part of the model development is to calibrate/validate 
the model with high quality pilot plant data.  It is also quite important for the pilot data to cover a large operating 
window; this will allow the definition of a large design envelope for potential commercial projects. 
Result for CO2 capture performance have been shared for the CANSOLV DC201 solvent.  Predictions for absorber 
and regenerator performance are in very good agreement with experimental data points from the pilot 
plants.   However, it has been mentioned that regardless of the quality of model predictions that some additional 
margins are required for commercial designs to account for model and scale-up uncertainties. 
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Unit
Case # 1 2 3 4 5 6 7
StrippingFactor
Experimental GJ/TonCO2 2.35 2.41 2.55 2.41 2.54 2.62 2.82
StrippingFactorModel GJ/TonCO2 2.23 2.56 2.73 2.50 2.72 2.62 3.00
%DifferenceinStripping
Factor % 5.1 Ͳ6.2 Ͳ7.1 Ͳ3.7 Ͳ7.1 0.0 Ͳ6.4
StrippingFactorModelAssessment
